SUMMARY: Since the discovery of λ Bootis stars, a permanent confusion about their classification can be found in literature. This group of non-magnetic, Population I, metal-poor A to F-type stars, has often been used as some sort of trash can for "exotic" and spectroscopically dubious objects. Some attempts have been made to establish a homogeneous group of stars which share the same common properties. Unfortunately, the flood of "new" information (e.g. UV and IR data) led again to a whole zoo of objects classified as λ Bootis stars, which, however, are apparent non-members.
INTRODUCTION
The classification of stars in the blue-violet optical domain is highly successful since the MK system was introduced in 1943 (Morgan et al. 1943) . Using moderate dispersion (40 to 120Å mm −1 ) allows to determine basic astrophysical quantities such as the effective temperature (or spectral type) and surface gravity (or luminosity type). As an additional parameter, the metallicity plays an important role. The latter exhibits many peculiarities among various type of stars. One example is the group of λ Bootis stars. These nonmagnetic, Population I, A to F-type stars are characterized by a prominent metalweakness of the Fe-peak elements (the light elements C, N, O and S are solar abundant). Since most of the heavy elements (e.g. Fe, Si, Ti and Ca) are main contributors of the metallic line spectrum, at least a dispersion of 120Å mm −1 is needed to identify true λ Bootis stars. For spectra with a lower dispersion, the metal-weakness can not be clearly identified. As Gray (1988) pointed out, other stars (e.g. Population II, shell, some Ap and high v sin i stars) can be identified as bona fide λ Bootis candidates. In this paper, spectra with a dispersion of 40 and 120Å mm −1 of three well established λ Bootis stars (HD 74873, HD 125162 and HD 142703) , together with standard, as well as "suspicious", stars are presented in order to provide a reference to classifiers for identifying true λ Bootis stars (Figs. 1 to 4) . In addition, a high dispersion (8Å mm −1 ) spectrum of HD 192640 (Fig. 5) shows the lines useful for a detailed abundance analysis in the same wavelength region (3800 -4600Å). Finally, a discussion of the main spectral characteristics for λ Bootis stars is given.
OBSERVATIONS AND REDUCTIONS
The presented spectra were obtained at three different sites. Most of the observations were made at the Dark Sky Observatory 0.8m reflector (Appalachian State University) using the Gray/Miller spectrograph with the 1200 lines/mm grating (blazed at 4200Å), giving a dispersion of 0.85Å pixel (λ/∆λ = 4700 at 4200Å) was achieved. The high resolution spectrum (λ/∆λ = 20000) of HD 192640 was taken at the Observatoire de Haute-Provence 1.52m telescope using the AURELIE spectrograph (a detailed observations log can be found in Heiter et al. 1998) .
All spectra were reduced using standard IRAF routines. The 40Å mm −1 spectra were smoothed to a dispersion of 120Å mm −1 using cubic splines. The observed flux was normalized to the continuum. 
WORKING DEFINITION
The following definition was established by Gray (1988) and Paunzen (2001) . It summarizes the basic features of moderate dispersion spectra which seem to be shared by all well established λ Bootis stars:
( This definition already includes the basic criteria for a successful classification of a true λ Bootis star. Unfortunately, many other types of stars were confused with this group (Paunzen et al. 1997) . A good example is the work of Abt and Morrell (1995) who found many "4481-weak" stars.
HIGH RESOLUTION SPECTROSCOPY
Although the membership criteria for the λ Bootis group are based on intermediate dispersion spectroscopy, a final conclusion about membership can only be drawn by using abundances derived from high dispersion spectra.
The blue-violet region up to 4600Å is most suitable to derive abundances for most of the Fepeak elements (Table 1) . Since the definition of a λ Bootis star also includes the (solar) abundance of the light elements (C, N, O and S), a determination of these elements is crucial. However, useful lines can only be found in the red region (e.g. O I triplet at 7775Å) and the abundance can therefore not be determined in the given spectral range (Kamp et al. 2001) .
The needed spectral dispersion for a detailed abundance analysis is dependent on the effective temperature (cooler stars exhibit more detectable lines) and the projected rotational velocity ("smearing" of blends) for a particular star. Furthermore, one has to consider the signal-to-noise ratio in order to detect very weak lines (most of the "strong" metallic lines are very much underabundant). The signal-to-noise ratio should be at least 150 to unambiguously identify a true λ Bootis star.
The choice of presenting a high dispersion spectrum of HD 192640 is a compromise between all important parameters. Its effective temperature (7800 K), surface gravity (4.0) and projected rotational velocity (73 kms −1 ), as well as the very low overall abundance ([Z] ≈ −2 dex), makes HD 192640 a very good example of what needs to be achieved to do a reliable abundance analysis. Fig. 5 shows the observed, as well as the synthetic spectrum for this star. The synthetic spectrum was calculated using an ATLAS9 model atmosphere (Kurucz 1993) and [Z] = −2 dex, while a detailed description of the procedure and individual abundances are given in Heiter et al. (1998) .
In the range from 3800 to 4600Å, 55 useful lines for an abundance determination can be found. These lines are sufficiently unblended (no line with a central depth greater than 30 percent relative to the depth of the examined line within 3Å of the latter) and the individual line depths are greater than 1 percent of the continuum. The following nine elements can be determined: Mg, Ca, Sc, Ti, Cr, Mn, Fe, Sr and Ba (Table 1) .
SPECTRAL ATLAS
In total nine stars were chosen for our spectral atlas listed in Table 2 . The MK standards are from the list of Garrison (1987, 1989a,b) , whereas the well established λ Bootis stars have been taken from Gray (1988) and Paunzen (2001) . The Strömgren colors, V -magnitudes and the v sin i values are from literature.
Figs. 1 and 2 show three well established λ Bootis stars in comparison with MK standards. Even at a dispersion of 120Å mm −1 the λ Bootis stars are clearly distinguished using the "classical" classification criteria Garrison 1987, 1989a,b) .
Since λ Bootis stars do not exhibit prominent shell features they are well separated from "classical" shell stars (Figs. 3 and 4) . The hydrogen line profiles are the most important criteria to distinguish λ Bootis from FHB stars. Fig. 4 shows that a dispersion of 120Åmm −1 may be taken as the upper limit to clearly identify the "true" λ Bootis stars. To avoid confusion about the classification of a star being either a true λ Bootis or a FHB type, it is helpful to use Strömgren (Geneva) colors and/or IUE spectra (Solano and Paunzen 1999) .
As a summary, a "check list" for identifying true λ Bootis stars was made. For a successful identification, (low and high v sin i) MK standards, shell and FHB stars need to be observed with a dispersion between 40 and 120Åmm −1 . If the following five conditions are fulfilled, a star can be addressed as bona-fide λ Bootis candidate:
(1) Spectral type deduced from the Ca II K line is the same as from the overall metallic lines but the hydrogen lines indicate a later one, or in the Yerkes notation: Sp(k)=Sp(m)<Sp(h), (2) Luminosity class V, (3) Hydrogen lines typical for Population I, (4) No strong shell features, (5) Strömgren and Geneva colors typical for Population I.
The most crucial point is the estimation of the strength for the metallic line spectrum because of its dependency on the projected rotational velocity. It is absolutely necessary to include MK standards (or suitable "normal" type stars) with v sin i values up to 250 km s −1 . The same statement holds for the estimation of the calcium strength. The further procedure is then straightforward.
Beside the classical spectroscopic way of classification, it is very helpful (and sometimes necessary) to include additional information such as photometric indices or UV-data.
